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Monday, February 17, 2014 285aand (ii) develop a qualitative picture for the folding landscape. These results
are compared and contrasted to the results of a nearly identical RNA construct
with a 2 nt substitutionmutation associated with the genetic disorder dyskeratosis
congentia (DKC). As expected, the WT RNA construct (DGWT = 4.25 0.2
kcal/mol) is substantially more stable than the DKC construct (DGDKC =
0.265 0.05 kcal/mol]. The kinetic origin of this differential stability is the result
of a substantially increased folding rate constant (~400 times faster) for the WT
and a subtle reduction of the unfolding rate constant (~5 times slower).
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Riboswitches are RNA structured elements that modulate fundamental path-
ways in bacteria and plants. Depending on the availability of their sensed
metabolite they undergo a conformational change that turns on or off gene
expression. In the add adenine riboswitch from Vibrio Vulnificus there are
three crucial spots for the switch between the two conformations: the P1
stem, the kissing-loops and the binding site for adenine. Our work is based
on advanced in silico techniques, including atomistic molecular simulations,
steered molecular dynamics, umbrella sampling, metadynamics and
Hamiltonian replica exchange. First we
investigated the P1-ligand dependent
stabilization quantifying this effect in
terms of free energy (Di Palma et al
doi:10.1261/rna.040493.113). Then we
evaluated the different contributions that
Mg2þ and adenine give to the formation
of the tertiary interactions between the
two loops and we analysed the influence
of these interactions on the binding site.
The obtained data are in quantitative
agreement with experiments. The atom-
istic description of metabolite binding,
RNA-Mg2þ interaction, and tertiary-
contact formation clarifies the details of
the ligand-aptamer interactions and of
the role of divalent cations in the global
aptamer folding.1454-Pos Board B184
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Binding of a small RNA (miRNA, snoRNA, siRNA) often regulates the expres-
sion of messenger RNA. The net free energy consists of the contribution of
binding, which is well parameterized and fast to compute, offset by the penalty
to remove pre-existing mRNA secondary structure, which is O(N3) to compute
with previous methods. Here we introduce a base-composition-dependent
model for the mean free energy to open
the target which runs in O(N). Imple-
mented in our BINDIGONET algorithm,
this model for the net binding free energy
of spliceosomal U1-snRNA to real and
decoy donor splice sites enhances
accuracy.1455-Pos Board B185
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Non-protein coding RNAs perform essential functions in living organisms.
They commonly exist as dynamic ensembles of conformational states. While
many structurally known RNAs are trapped in one or a few conformations
by interactions with proteins or tertiary contacts between stems, bulges, or
loops the knowledge of equilibrium structures, conformational space, and ter-
tiary conformational changes of large RNAs not being restrained by external or
tertiary interactions is still very limited.Helical four-way and three-way junctions (4WJs and 3WJs) are an essential
structural motif of the for functional RNA structures. Here we explore the to-
pology of a set of a 4WJ and related 3WJs related to the hairpin ribozyme by
measuring more than 250 different FRET-pairs using single-molecule multi-
parameter fluorescence detection [1]. Using FRET restrained high-precision
structural modeling combined with full atom MD simulations as a hybrid
tool [2,3], we resolve the structures of three coexisting conformers of a fully
Watson-Crick base paired RNA4WJ. By a suitable choice of the number of ba-
ses in the bulges the helices arrangements of the corresponding 3WJs can span a
huge conformational space which is necessary for the stem communication in
functional RNAs.
[1] Sisamakis, E., et al.; Methods in Enzymology 475, 455-514 (2010).
[2] Sindbert, S., et al.; J. Am. Chem. Soc. 133, 2463-2480 (2011).
[3] Kalinin, S. et al. Nat. Methods 9, 1218-1225 (2012)
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Cyanine dyes are commonly attached to the 3’ or 5’ termini of nucleic acids to
study folding and binding using FRET. It has been known for some time now
that, to some extent, these dyes stack on the ends of duplex DNA, which com-
plicates the interpretation of FRET. We used molecular dynamics (MD) simu-
lations to study the indocarbocyanine dyes Cy3 and Cy5 attached to the 3’ or 5’
terminal bases of a 16-base-pair RNA duplex. The resulting trajectories for the
inter-dye distance and dye orientation factor (k2) are then used to predict FRET
for the various RNA constructs. The results show that the average value of
FRET depends on both the terminal base and the linker position. In particular,
3’ attached dyes typically explore a wide region of configuration space, and the
relative orientation factor, k2, has a distribution that approaches that of free-
rotators. This is in contrast to 5’ attached dyes, which spend a significant frac-
tion of their time in one or more configurations that are effectively stacked on
the ends of the RNA duplex. However, even for the relatively free 3’ attached
dyes, the correlation time of k2 is still too long to justify the use of a free-
rotation approximation.
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RNA can fold into complex tertiary structures, much like proteins, and ex-
hibits significant conformational dynamics that are a central facet of its func-
tions. Two limiting types of RNA motions occur: equilibrium fluctuations
and induced conformational changes. Equilibrium fluctuations are sponta-
neous transitions between conformers along the RNA free energy landscape
and conformational transitions occur when the free energy landscape is per-
turbed to generate new minima and change the energy barriers between
minima. Surprisingly, little experimental data are available for equilibrium
fluctuations for even simple RNA, and even less is known about the driving
forces for conformational transitions in large RNAs. In part this is due to
limiting technologies. One technology, SHAPE, has overcome many of the
limitations for studying large RNAs. SHAPE, for selective 20-hydroxyl acyl-
ation analyzed by primer extension, has revolutionized RNA secondary
structure prediction and provides a transformative experimental approach
to investigate nucleotide specific equilibrium fluctuations and conforma-
tions. SHAPE reactivity is governed primarily by nucleotide flexibility,
which in turn is governed by secondary and tertiary structure constraints.
In practice, SHAPE provides nucleotide level resolution of RNA structure
and dynamics in RNA of any size. We hypothesize that the solvent isotope
effect on SHAPE chemistry will allow insights into the roles of hydrogen
bonding and solvation on RNA structure and dynamics. Here, we describe
the initial experiments and theoretic basis for interpreting this solvent
isotope effect.
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While major contributors to the free energy of RNA tertiary structures such
as base pairing, base stacking and charge and counterion interactions have
been studied extensively, little is known about the intrinsic free energy of
the backbone. To assess the magnitude of the entropic strains along the
286a Monday, February 17, 2014phosphate backbone and their impact on the folding free energy, we have
formulated a mathematical treatment for computing the volume of the main-
chain torsion angle conformation space between every pair of nucleobases
along any sequence and the corresponding backbone entropy. We compare
the computed conformational entropies against a statistical free energy anal-
ysis of structures in the crystallographic database from several thousand
backbone conformations between nearest-neighbor nucleobases as well as
against computer simulations. Using this calculation we have analyzed the
backbone entropy of several ribozymes and riboswitches and found that their
entropic strains are highly localized. This suggests the folding and stability of
the RNA structures are critically dependent on these local entropic strain do-
mains and leave the rest of the sequence relatively flexible. The total entropic
penalty in the backbone for the native fold can be as high as 0.7 cal/K/mol
per nucleotide for these medium and large RNAs, producing a contribution
to the overall free energy of up to 40 kcal/mol for a 200-nucleotide structure.
We also look at the correlation of nucleotide conformations along several
sample loop sequences to determine the effect of nucleotides beyond the
nearest-neighbor.
Membrane Physical Chemistry I
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Oxidation of unsaturated lipids in cellular membranes has been shown to
cause severe membrane damage and potentially cell death. Even in low
concentrations, oxidized lipid species are known to cause changes in the
membrane structure, such as decreased fluidity. Vesicles containing concen-
trations of oxidized species as low as 20mol% total lipid concentration can
display the spontaneous formation of pores. Below this poration limit, the ef-
fects of oxidation on membrane permeability have not been quantified. Here,
we use giant unilamellar vesicles (GUVs) as a system to measure passive
transport across membranes containing defined concentrations of oxidized
lipid species. GUVs consisting of a saturated phospholipid, an unsaturated
phospholipid, and cholesterol were used as a model membranes. By replacing
defined amounts of the unsaturated lipid with a corresponding oxidized prod-
uct, the oxidation process could be mimicked, yielding vesicles of varying
oxidized lipid concentration. Oxidized lipid concentration was varied from
0mol% to 15mol% of the total lipid concentration. We measured passive
transport across the membrane using a microfluidic trap to capture the vesi-
cles and spinning disk confocal microscopy to track the transport of a fluores-
cent species in the equatorial plane of each GUV analyzed. We used
fluorescently labeled short-chain poly(ethylene glycol) species of various mo-
lecular weights to track the diffusion of a representative small molecule.
Membrane permeability was determined by fitting the resulting concentration
profiles to a finite element model of diffusion and permeation around and
through the membrane. Experiments showed that an increase in oxidized con-
centration increases membrane permeability. As passive transport is an
important mechanism for drug delivery, understanding the relationship be-
tween oxidation and permeation could provide insight into the pharmaceu-
tical characteristics of oxidized cells.
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Oxysterols are naturally produced by enzymatic and non-enzymatic pro-
cesses. Increased oxysterol concentration has been correlated with cell
age, membrane thinning in model systems, and several pathologies. It has
been previously reported that mixed phospholipid monolayers containing
25-hydroxycholesterol exhibit anomalous phase behavior compared to
similar cholesterol containing monolayers. We present a systematic series
of Langmuir monolayer and fluorescence microscopy studies which focus
on the role of the positions of the hydroxyl moieties in difunctional oxyster-
ols. The oxysterols 20, 22, 25, and 27 hydroxycholesterol were selected and
mixed with DMPC for compositions from 10 - 90 mole percent oxysterol
(increments of 10 percent were chosen). In all of these systems phase
behavior was consistent with the 25-hydroxycholsterol/DPPC system. Spe-
cifically, an upper and lower miscibility phase transition were observed inall systems for oxysterol concentrations less than 40 mole percent and a
discontinuity in the pressure-area isotherm directly tracked the lower misci-
bility transition pressure. Likewise the area-expansion due to the presence of
the oxysterols was confirmed. We present a model for oxysterol behavior
within lipid monolayers based on the presence and location of the two hy-
droxyl groups on the oxysterols. Consistent with our model we find the lower
transition pressure increases with increasing distance between the two hy-
droxyl moieties. Pressure-area isotherms, fluorescence microscopy, analysis
of domain size distribution, phase fraction measurements, isobaric cuts, and
phase diagrams will be used to support our model of phospholipid/oxysterol
interactions.
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Due to their small size, nanoparticles have the ability to penetrate pulmonary
and vascular tissue, and as a result, are classified as potential human carcin-
ogens. On the other hand, nanoparticle insertion into targeted cells can play a
key role in drug delivery and gene therapy applications, prompting a need to
more thoroughly characterize nanoparticle/membrane interactions. Polysty-
rene nanoparticles with modifications in surface functionalization and deter-
gent conditions remain monodisperse in a variety of aqueous solutions as
measured by dynamic light scattering, but tend to aggregate in phosphate
buffered saline at neutral pH potentially due to electrostatic screening ef-
fects. Calcein leakage assays with small unilamellar egg phosphatidylcholine
vesicles were run to measure their interactions with nanoparticles and deter-
mine applicability of previous experiments performed with lipid monolayers
at the air-water interface that modeled the outer leaflet of a cell membrane. In
pure water, adding surfactant to detergent-free nanoparticle solutions
increased the magnitude of membrane permeabilization compared to nano-
particles alone. In a buffered solution, the opposite was true; addition of sur-
factant decreased the nanoparticle induced membrane permeabilization. To
better understand nanoparticle-detergent-membrane interactions, either nano-
particles or detergents were individually introduced to the vesicles, and
following a time lapse, the other component was introduced. A model of
detergent sequestration by the polystyrene nanoparticles explains these re-
sults and provides insight to the mechanism of vesicle leakage caused by
surfactant-nanoparticle mixtures.
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Details of the phase transition of DPPC were tracked by DSC (0.05K/min), us-
ing a SUV (F=100nm) suspension. The main transition was found to comprise
three contributions. We attribute this to separate contributions from the chains
in both leaflets, and the headgroups. The model was applied to explain the
impact of resveratrol on the membrane.
The pretransition is absent, indicating a low cooperativity between the two
leaflets of the SUV. The composite main transition peak requests the assump-
tion of at least three sub-peaks. One sub-transition occurs as a broad peak at
313.3K. We attribute it to the headgroups (13.3kJ/mol). The sub-transition of
the chains occurs at 314.0K, as a rather sharp peak with a small shoulder. We
attribute this appearance to the different bending conditions of the two leaf-
lets in the SUVs, and a resulting difference in the lateral pressure profile as
the chains of the outer layer are on average more packed. Their melting thus
requires an excess enthalpy (6.3kJ/mol) in addition to the basic consumption
for all chains (14.7kJ/mol). The average cost of the whole transition is
31.5kJ/mol.
Resveratrol locates within the headgroup region. This causes a freezing point
depression and an even lower cooperativity. Resveratrol also has a con-
densing effect. During the SUV preparation it can freely distribute, therefore
the chain packing difference between the leaflets can be compensated by
asymmetric incorporation of the drug. Accordingly, the chain transition is
more homogeneous.
Our findings reveal a detailed picture about the phase transition of a lipid
SUV membrane. The DSC thermogram reflects both the impact of the
headgroups and of the difference between the two leaflets. This bending
effect decays as the curvature decreases, and is eventually absent for planar
membranes.
